REFLECTOR AND 
KEFIiECTION-TXFE LCD DEVICE USING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a reflection-type 
Liquid-Crystal Display (LCD) device. More particularly f the 
invention relates to a reflector for a reflection-type LCD device 
that forms its light source by reflecting external incident light, 
and a LCD device using the reflector . 

2, Description of the Related Art 

Conventionally/ reflection-type LCD devices are known well- 
Kef lection-type LCD devices have an advantage that the power 
consumption is low and the body is thin and light, compared with 
transmission-type LCD devices. This is because external light can 
be used for their light source by reflecting it with a built-in 
reflector, which eliminates the backlight- Thus, reflect ion-type 
LCD devices are mainly used for portable electronic terminals such 
as portable telephones. 

The reflection-type LCD device comprises various modes or 

types, such as the twisted-nematic (TN) mode, the single polarizer 

type, the super twisted-nematic (STN) mode, the guest-host mode, 
the polymer-distributed liquid crystal (PDLC) type, and the 
cholesteric phase type* The basic configuration of the 




reflection-type LCD device comprises a liquid crystal layer, 
switching elements for driving the liquid crystal in the layer, 
and a reflector plate provided inside or outside the LCD cell* 
With the LCD devices of these modes or types, the 
5 active-matrix addressing method using Thin-Film Transistors (TFTs) 
or Metal/Insulator/Metal (MIM) diodes as the switching elements 
is employed along with the reflector. This is because it generates 
high resolution and high quality of image. 

ha t. 

Ci An example of the reflection-type LCD devices is as follows: 

Ql 10 An organic dielectric film is formed on a plate and then, 

U| the film is patterned by photolithography and etching processes, 

m 

1J1 forming isolated protrusions on the surface of the plate. The 

B protrusions - are formed by the remaining organic film. An 

n i 

[41 interlayer dielectric film is formed on the plate to cover the 

D 15 protrusions, making protrusions on the surface of the interlayer 

dielectric film, in other words, making a bumpy surface of the 
interlayer dielectric film. Thus, a reflector plate having 
protrusions on its surface is obtained. 

The Japanese Patent No. 2825713 issued on September 11 , 1998, 
20 discloses another example of the reflection-type LCD devices. In 

this example, an organic dielectric film is formed over a plate 

and then, the film is patterned by photolithography and etching 
processes, forming protrusions on the surface of the film. 
Thereafter, a patterned metal film serving as a reflector electrode 



is formed on the dielectric film to cover the protrusions. Thus, 
a substrate with the reflector electrode whose surface is smoothly 
roughened is formed. 

Fig. 1 is a plan view showing a prior-art plate-shaped 
5 reflector 101, in which protrusions 102 are formed on the surface 
of the reflector 101. As shown in Fig. 1, all the protrusions 102 
are circular in plan shape and arranged to be isolated from" each 
other. 

p The prior-art reflector 101 has a purpose of reflecting 

pi 

m 10 incident light while diffusing the same at a certain extent and 

TIT; {■ 

y therefore, the reflected light has large dispersion. Thus, the 

in 

m incident light is reflected in such a way that the reflected light 

E 

p is diffused within a conical region approximately uniformly, as 

f|J shown in Fig. 2. 

m 

CI 15 Fig. 2 shows the relationship between the incident light 



and the reflected light by the prior-art reflector plate 101. As 
seen from Fig. 2, the incident light L IN {e.g., a fluorescent lamp 
or the sunlight) is irradiated to the plate 101 in the viewing 
direction of a viewer. The light L IN irradiated is reflected by 
20 the plate 101, forming reflected light beams Lre F . The reflected 

beams Lref are approximately uniformly diffused by the reflector 

101. Accordingly, the prior-art reflector 101 with the circular 
protrusions 102 has the following disadvantages. 

First, when the prior-art reflector 101 is located in a 
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situation (e.g., in a room) where direct light is dominant and 
indirect light is weak, part of the incident light Lis that propagates 
in a specific direction is not reflected efficiently toward the 
viewer. Here, the ^direct light" is strong light emitted from a 
light source, such as a fluorescent lamp, and directly irradiated 
to the reflector 101 without reflection. The "indirect light' 7 is 
light emitted from a light source, such as a fluorescent lamp, and 
indirectly irradiated to the reflector 101 after reflection at some 
positions (e.g., a wall). This means that the incident light 
is not utilized effectively. As a result, the intensity of the 
reflected right Lref toward the viewer decreases, resulting in the 
viewer's feeling that images on the displaying screen is dark or 
is not sufficiently light. 

Second, if the protrusions 102 of the reflector 101 have 
a specific geometric shape or arrangement pattern, there is a 
possibility that the color tone of images on the screen changes 
outstandingly according to the angle with respect to the LCD panel, 
the incident light L IN , and the position of the viewer. This is 
due to the optical interference caused by the difference between 
the optical path lengths of the beams of the reflected light L REF 

(i.e., which positions of the rouahening pattern for the reflector 

101 the incident light beam is reflected at) . As a result, there 
is a possibility that the displaying performance of the LCD device 
of this type degrades. 



SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a reflector for a reflection-type LCD device that reflects 
efficiently incident light to the viewer's side, and a 
reflection-type LCD device using the same. 

Another object of the present invention is to provide a 
reflector for a reflection-type LCD device that suppresses optical 
interference effectively, and a reflection-type LCD device using 
the same. 

Still another object of the present invention is to provide 
a reflector for a reflection-type LCD device that suppresses the 
change of color tone, and a reflection-type LCD device using the 
same * 

A further object of the present invention is to provide a 
reflector for a reflection-type LCD device that is easily designed, 
and a reflection— type LCD device using the same. 

The above objects together with others not specifically 
mentioned will become clear to those skilled in the art from the 
following description. 

According to a first aspect of the invention, a reflector 

for a reflection-type LCD device is provided. 

This reflector comprises a roughened surface having a 
protrusion pattern. The protrusion pattern gives inclination 
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angle to the surface according to a specific distribution where 
a first " component with an inclination angle value of 0° is 15% or 
less in area and a second component with an inclination angle value 
from 2° to 10° is 50% or greater in area. 
5 with the reflector for a reflection-type LCD device 

according to the first aspect of the invention, the roughened 
surface has the protrusion pattern that gives inclination angle 
to the surface according to a specific distribution. The 
distribution is determined in such a way that the first component 
10 with an inclination angle value of 0° is 15% or less in area and 
jjjj the second component with an inclination angle value from 2° to 10° 

y 5 

g is 50% or greater in area. 

5=3 f 

Hi Thus, the proportion of the reflected light traveling in 

nj 

H| a specific direction is increased. This means that the amount of 

Cl 

fll 15 the component of the reflected light that travels toward a viewer 

is increased. Accordingly, the incident light is efficiently 
reflected by the roughened surface of the reflector of the first 
aspect to the viewer's side. 

In a preferred embodiment of the reflector according to the 
20 first aspect of the invention, the specific distribution of the 
inclination angle values of the roughened surface has an average 
value within a range from 2° to 6°. 

In this embodiment, there is an additional advantage that 
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the reflector can be fitted to a typical arrangement of light source 
in a circumstance or situation where the reflector is used, thereby 
optimizing the reflection efficiency. 

In another preferred embodiment of the reflector according 
to the first aspect of the invention, the reflector further 
comprises protrusions arranged in such a way that depressed areas 
are formed among adjoining ones of the protrusions, a first bumpy 
layer formed to cover the protrusions, and a base layer of the 
reflector formed on the first layer. Each of the depressed areas 
has a closed geometric shape. The first layer has a bumpiness 
generated by the protrusions. The base layer has a bumpiness 
corresponding to the bumpiness of the first layer, thereby forming 
the protrusion pattern of the surface of the reflector. 

In this embodiment, there is an additional advantage that 
the visibility is improved over the whole surface of the reflector 
the reason of which is as follows: 

The protrusions are arranged in such a way that the 
depressed areas, each of which has a closed geometric shape, are 
formed among adjoining ones of the protrusions. Moreover, the 
bumpiness of the first layer is generated by the protrusions. The 

bumpiness of the base layer corresponds to the bumpiness of tha 

first layer, thereby forming the protrusion pattern of the surface 
of the reflector. As a result, the protrusion pattern of the surface 
of the reflector can be formed in such a way that protruding areas 



of the surface are distributed uniformly over the entire reflector. 

It is preferred that the closed geometric shape of each of 
the depressed areas is like one selected from the group consisting 
of triangle, rectangular, and ellipse. In this case, there is an 
5 additional advantage that values of the protrusions and the 
depressed areas can be determined easily. 

In still another preferred embodiment of the reflector 
according to the first aspect of the invention, each of the 
H- protrusions has a width w and a height D, where the width W and 

J? 10 the height D have a relationship of 0.5 < (D/w) ^ 1.0. 

In this embodiment, the shape of the protrusions is properly 
determined by the ratio <D/W) , which determines the curvature of 
the surfaces of the protrusions. Therefore, the distribution of 
fij the incident angle values can be easily designed in such a way that 

15 the amount of the component of the reflected light that travels 
toward a viewer is increased. 

If the ratio (D/W) is greater than 1.0, the total area of 
the protrusions with the inclination angle value of 10° or greater 
is likely to be excessive. If the ratio (D/W) is l ess than 0.5, 
20 the total area of the protrusions with the inclination angle value 
Qf 2° or less is likely to be excessive. As a result, the second 
component with the inclination angle value from 2° to 10° will be 
less than 50% in area. This leads to the viewer's feeling that the 
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screen of the LCD device is not; sufficiently light. 

In a further preferred embodiment of the reflector 
according to the first aspect of the invention, the first bumpy 
layer has a minimum height d and the protrusions have an inter-center 
distance L, where the minimum height d and the inter-center distance 
L have a relationship of (1/20) < (d/L) £ (1/5) . 

In this embodiment, the shape of the protrusions is properly 
determined by the ratio (d/L) , which determines the curvature of 
the surfaces of the protrusions* Therefore, the distribution of 
the incident angle values can be easily designed in such a way that 
the amount of the component of the reflected light that travels 
toward a viewer is increased. 

If the ratio (d/L) is greater than (1/5), the total area 
of the protrusions with the inclination angle value of 10° or greater 
is likely to be excessive. If the ratio (d/L) is less than (1/20) , 
the total area of the protrusions with the inclination angle value 
of 2° or less is likely to be excessive* As a result, the second 
component with the inclination angle value from 2° to 10° will be 
less than 50% in area* This leads to the viewer's feeling that the 
screen of the LCD device is not sufficiently light. 

In a still further preferred embodiment of the reflector 
according to the first aspect of the invention, each of the 
protrusions has a height D and the first bumpy layer has a minimum 



height d, where the height D and the minimum height d have a 
relationship of (D/d) < 3. 

In this embodiment, the shape of the protrusions is properly 
determined by the ratio (D/d) , which determines the curvature of 
the surfaces of the protrusions. Therefore, the distribution of 
the incident angle values can be easily designed in such a way that 
the amount of the component of the reflected light that travels 
toward a viewer is increased. 

If the ratio (D/d) is greater than 3, the total area of the 
protrusions with the inclination angle value of 10° or greater is 
likely to be excessive. As a result, the second component with the 
inclination angle value from 2° to 10° will be less than 50% in area. 
This leads to the viewer's feeling that the screen of the LCD device 
is not sufficiently light. 

In a still further preferred embodiment of the reflector 
according to the first aspect of the invention, the protrusions 
included in a single pixel have a single maximum value of height. 

In this embodiment,, since the protrusions included in a 
single pixel have a single maximum value of height, the first 
component with the inclination angle value of 0° of the protrusion 
pattern, which is typically located right above the top of the 
protrusion or the bottom of the depressed area, will be decreased 
in area. This leads to the viewer's feeling that the screen of the 



LCD device is not sufficiently light. Moreover, the distribution 
of the incident angle values can be easily designed in such a way 
that the amount of the component of the reflected light that travels 
toward a viewer is increased. 
5 According to a second aspect of the invention, another 

reflector for a reflection-type LCD device is provided. 

This reflector comprises a roughened surface having a 
protrusion pattern ♦ The protrusion pattern gives a variation range 
^ s of chromaticity coordinates (x, y) on a chromaticity diagram 

las I 

p 10 dependent on an angle of view. The variation range is limited in 

HI 

±1 a circle on the chromaticity diagram. The circle has a radius of 

! - H 
fc*f 

HI approximately 0.05 and a center at a point corresponding to white 

£ color. 



With the reflector for a reflection-type LCD device 
R! 15 according to the second aspect of the invention, the roughened 

ril surface has the protrusion pattern that gives a variation range 

of chromaticity coordinates (x f y) on the chromaticity diagram 
dependent on the angle of view. The variation range is limited in 
the circle on the chromaticity diagram. The circle has a radius 
20 of approximately 0. 05 and a center at a point corresponding to white 

color, 

Thus, optical interference can be suppressed effectively . 
This means that the variation of color tone due to optical 
interference can be suppressed. Moreover, the optical 
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characteristics of the reflector can be easily known with a 
measuring apparatus, not with labor, by way of measuring the 
variation of chromaticity coordinates (x r y) on the chromaticity 
diagram. 

In a preferred embodiment of the reflector according to the 
second aspect of the invention/ the reflector further comprises 
protrusions arranged in such a way that depressed areas are formed 
among adjoining ones of the protrusions, a first bumpy layer formed 
to cover the protrusions, and a base layer of the reflector formed 
on the first layer. Each of the depressed areas has a closed 
geometric shape. The first layer has a bumpiness generated by the 
protrusions ♦ The base layer has a bumpiness corresponding to the 
bumpiness of the first layer, thereby forming the protrusion pattern 
of the surface of the reflector. 

In this embodiment, because of the same reason as shown in 
the reflector of the first aspect, there is an additional advantage 
that the visibility is improved over the whole surface of the 
reflector. 

It is preferred that the closed geometric shape of each of 
the depressed areas is like one selected from the group consisting 
of triangle, rectangular, and ellipse. In this case, there is an 
additional advantage that values of the protrusions and the 
depressed areas can be determined easily. 

In another preferred embodiment of the reflector according 
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to the second aspect of the invention, the first bumpy layer has 
a minimum height d and the protrusions have an inter-center distance 
L, where the minimum height d and the inter-center distance I. have 
a relationship of (1/15) < (d/L) . 
5 In this embodiment, the shape of the protrusions is properly 

determined by the ratio (d/L) , which determines the curvature of 
the surfaces of the protrusions. Therefore, the distribution of 
the incident angle values can be easily designed in such a way that 

M= the amount of the component of the reflected light that travels 

fas! 

D 10 toward a viewer is increased. 

If the ratio (d/L) is greater than (1/15), the inclination 
angle value is increased and the curvature of the protrusions is 
decreased. Thus, the positional dispersion of the bright spots or 
bright regions will be small, which means that the dispersion of 
15 the wavelength is unable to be cancelled as desired. As a result, 
the change of color tone will be conspicuous. 

In still another preferred embodiment of the reflector 
according to the second aspect of the invention, the protrusion 
pattern gives a specific distribution of inclination angle values 
20 to the. surface ♦ When incident light is irradiated to the surface 
Of the reflector, bright regions with specific extent are generated, 
each of which has an inclination angle value within a range from 
2° to 6°. 
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In this embodiment, when incident light is irradiated to 
the surface of the reflector, the bright regions with specific 
extent are generated. Each of the regions has an inclination angle 
value within a range from 2° to 6°. Thus, the regions can be arranged 
in such a way as to cover or compensate the wavelength variation 
of the reflected light corresponding to the change of color tone 
thereof- This means that the distribution of the inclination angle 
values can be easily designed or determined to suppress the change 
of color tone dependent on the angle of view. 

It is preferred that the bright regions include a closest 
bright region. 

In a further preferred embodiment of the reflector 
according to the second aspect of the invention, when minimum and 
maximum distances between the protruding bright region and the 
adjoining depressed bright region are defined as and I^ax, 

respectively, and a mean distance between the protruding and 
depressed bright regions is defined as 1**^ = (L„i n + I*,**) /2, a 
relationship of 

is established* 

In this embodiment, the regions can toe surely arranged in 
such a way as to cover or compensate the wavelength variation of 
the reflected light corresponding to the change of color tone 
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thereof. Thus, the distribution o£ the inclination angle values 
can be easily designed or determined to suppress the change of color 
tone dependent on the angle of view. 

It is preferred that the closed geometric shape of each of 
the depressed areas is like one selected from the group consisting 
of triangle, rectangular, and ellipse. In this case, there is an 
additional advantage that values of t-m&xr and L^, can be 

determined easily. 

According to a third aspect of the invention, a 
reflection-type LCD device is provided. This device comprises one 
of the reflectors according to the first and second aspects of the 
invention described above. 

With the reflection-type LCD device according to the third 
aspect of the invention, since one of the reflectors according to 
the first and second aspects of the invention is used, desired 
brightness is obtainable in typical situations of use of the device 
and/or the change of color tone dependent on the angel of view is 
suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the present invention may be readily carried 

into effect, it will now be described with reference to the 
* accompanying drawings. 

Fig. 1 is a schematic plan view showing a prior-art 



reflector having protrusions on its surface. 

Fig. 2 is a schematic view showing the relationship between 
the incident light and the reflected light by the prior-art 
reflector of Fig. 1- 

Fig. 3 is a schematic, partial cross-sectional view showing 
the configuration of a reflection-type LCD device according to an 
embodiment of the invention, in which the partial configuration 
corresponding to one of the pixels is mainly shown. 

Figs. 4A to 4D are schematic, partial cross-sectional views 
showing the process steps of a method of fabricating the 
reflection-type LCD device according to the embodiment of Fig. 3, 
respectively . 

Fig. 5A is a schematic side view showing the relationship 
between the incident light and the reflected light by the reflector 
according to the embodiment of the invention. 

Fig. 5B is an enlarged, schematic side view showing the 
relationship between the incident light and the reflected light 
by the reflector according to the embodiment of the invention. 

Fig. 6A is a schematic side view showing the relationship 
between the incident light, the viewer, and the reflector according 
to the embodiment of the invention. 

Fig. 6B is a schematic perspective view showing the 
relationship between the incident light, the viewer, and the 
reflector according to the embodiment of the invention. 



Fig- 7 is a schematic plan view showing the protrusion 
pattern of the second dielectric layer formed to cover the 
underlying protrusions in the LCD device of Fig. 3, which is 
substantially the same as the protrusion pattern of the reflector 
according to the embodiment of the invention. 

Fig. 8 is an enlarged, schematic cross-sectional view 
showing the detailed structure of the protrusion pattern of the 
second dielectric layer formed to cover the underlying protrusions 
in the LCD device of Fig. 3, which is substantially the same as 
the protrusion pattern of the reflector according to the embodiment 
of the invention. 

Fig, 9 is a graph showing the distribution of the incident 
angle values of the protrusions of the samples of the reflector. 

Fig. 10 is a schematic side view explaining the cause of 
optical interference in the reflector according to the embodiment 
of the invention. 

Fig. 11 is a schematic side view showing the method of 
measuring the optical characteristics of the reflector according 
to the embodiment of the invention. 

Fig, 12A is a graph showing the emission angle dependence 

of the brightness (Y) of the sample 1 of the reflector. 

Fig. 12E is a graph showing the emission angle dependence 
of the color coordinates (x, y) of the sample 1 of the reflector- 
Fig* 12C is a graph showing the emission angle dependence 
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of the brightness (Y) of the sample 2 of the reflector. 

Fig. 12D is a graph showing the emission angle dependence 
of the color coordinates (x, y) of the sample 2 of the reflector. 

Fig. 13 is a graph showing the permissible range of the color 
5 coordinates (x r y) of the reflector according to the embodiment 
of the invention* 

Fig. 14A is a schematic view showing the bright regions of 
the bumpy surface of the reflector according to the embodiment of 
the invention, where the protruding and depressed bright regions 
10 are comparatively narrow. 

Fig. 14B is a schematic view showing the bright regions of 
m the bumpy surface of the reflector according to the embodiment of 

the invention, where the protruding and depressed bright regions 
are comparatively wide. 
15 Fig. ISA is a graph showing the distribution of the height 

of the bumpy surface of the reflector according to the embodiment 
of the invention,, as a function the position or distance. 

Fig. 15B is a graph showing the distribution of the 
inclination angle of the bumpy surface of the reflector according 
20 to the embodiment of the invention, as a function the position or 

distance. 

Fig. 16 is a schematic plan view showing a variation of the 
protrusion pattern of the second dielectric layer formed to cover 
the underlying protrusions in the LCD device of Fig. 3. 

-18- 




Fig. 17 is a schematic plan view showing another variation 
of the protrusion pattern of the second dielectric layer formed 
to cover the underlying protrusions in the LCD device of Fig, 3. 



CI 



4 s 

! i s 

y is 



5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be 
described in detail below while referring to the drawings attached. 

A reflection-type LCD device 10 according to an embodiment 

Lb 

J. t of the invention has the configuration as shown in Fig. 3, in which 

10 the structure corresponding to one of the pixels is illustrated. 
As seen from Fig* 3, this device 10 comprises a lower substrate 
11, an opposite or upper substrate 12 located to be opposite to 
the lower substrate 11, and a liquid-crystal (LC) layer 13 
sandwiched by the substrates 11 and 12. 
15 The LCD device 10 includes thin-film transistors (TFTs) 16 

as the switching elements for turning on and off the respective 
pixels. This means that the device 10 adopts the active-matrix 
addressing method* For the sake of simplification of description, 
only one TFT 16 is shown in Fig. 3. However, it is needless to say 
20 that the device 10 has a plurality of TFTs 16 arranged in a matrix 

array. 

The lower substrate 11 comprises a dielectric plate 14 r a 
dielectric protection layer 15, the TFTs 16, a first dielectric 
layer 17, approximately conical protrusions 18, a second dielectric 

-19- 



m 



layer 19, reflector electrodes 20, and contact holes 21. Since the 
TFTs 16 are formed on the substrate 11, the substrate 11 may be 
termed the "TFT substrate" . 

The dielectric protection layer 15 is formed on the 
dielectric plate 14. The TFTs 16 are formed regularly on the plate 
14* " Each of the TFTs 16 has a gate electrode 16a, a drain electrode 
16b, a patterned semiconductor layer 16c, and a source electrode 
I6d. The gate electrode 16a is formed on the plate 14. The drain 
electrode 16b is formed on the protection layer 15 that covers the 
gate electrode 16a. The semiconductor layer 16c is formed on the 
protection layer 15 to be entirely overlapped with the gate 
electrode 16a. The source electrode 16d is formed on the protection 
layer 15 to be apart from the drain electrode 16b* The semiconductor 
layer 16c is located between the drain and source electrodes 16b 
and 16d to be contacted with them. 

The first dielectric layer 17 , which is formed to cover the 
TFTs 16 r has penetrating contact holes 17a that expose the 
corresponding source electrodes 16d. The protrusions 18 are 
located on the layer 17 and the exposed source electrodes 16d in 
such a way as to be isolated from each other. 

The second dielectric layer 19 is formed on the first 

dielectric layer 17 and the exposed source electrodes 16d to cover 
the protrusions 18. Because of the existence of the underlying 
protrusions 18, the layer 19 has specific protrusions (i.e., a 



specific unevenness) on its surface; in other words, the surface 
of the layer 19 is bumpy* The layer 19 has the contact holes 21 
that expose the corresponding source electrodes 16d while none of 
the protrusions 18 are exposed. 

The reflector electrodes 20 are formed on the second 
dielectric layer 19 to be overlapped with the TFTs 16 and the contact 
holes 21 of the layer 19, The electrodes 20 are contacted with and 
electrically connected to the corresponding source electrodes 16d 
by way of the corresponding contact holes 21 . Each of the electrodes 
20 serves as a reflector and a pixel electrode . 

In the terminal area of the lower substrate 11 , which is 
located in the periphery of the substrate 11, gate terminals 22 
and drain terminals 23 are formed- The gate terminals 22, which 
are located on the plate 14 , are contacted with and electrically 
connected to corresponding r overlying scan lines 22a ♦ The drain 
terminals 23, which are located on the protection layer 15, are 
contacted with and electrically connected to corresponding, 
overlying data lines 23a. 

The opposing, upper substrate 12 comprises a transparent 
electrode 24, a color filter 25, and a transparent, dielectric plate 

26. The filter 25 is formed on the plate 26. The electrode 24 is 

formed on the filter 25. Since the filter 25 is formed on the 
substrate 12, the substrate 12 may be termed the "color filter 
substrate" . 
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The lower and upper substrates 11 and 12 are fixed together 
at a specific distance. The LC layer 13 is located in the gap formed 
by the substrates 11 and 12. 

Incident light L IN , which is irradiated from the outside 
5 of the LCD device 10 to the upper substrate 12, penetrates the 
substrate 12 to enter the LC layer 13. Then, the light L lN reaches 
the reflector electrode 20 of the lower substrate 11 by way of the 
layer 13 and then, reflected toward the substrate 12. Thus # the 
reflected light Lref is generated. The reflected light Lrep thus 
10 generated travels through the LC layer 13 and the substrate 12 and 
then, goes out of the device 10. 

in the device 10, the protrusions 18, the second dielectric 
layer 19, and the reflector electrode 20 constitute a reflector 
of the embodiment. However, the reflector may have any other 
15 structure than this. 

Next, a method of fabricating the LCD device 10 of Fig. 3 
is explained below with reference to Fig. 4. 

First, as shown in Fig. 4A, the TFTs 16 as the switching 
elements are formed on the dielectric plate. 14 of the lower substrate 
20 11 by a known method . 

Specifically, the gate electrodes 6a are formed on the plate 

14 and then, the dielectric protection layer 15 is formed on the 
plate 14 to cover the gate electrodes 16a. Thereafter, the 
semiconductor layers 16c are formed on the layer 15 to be overlapped 
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with the corresponding gate electrodes 16a. Furthermore, the drain 
and source electrodes 16b and 16c are formed on the layer 15 to 
contact with the corresponding semiconductor layers 16c, resulting 
in the TFTs 16, Finally, the first dielectric layer 17 is formed 
to cover the TFTs 16 thus formed and then, the contact holes 17a 
are formed to penetrate the same. The source electrodes 16d are 
exposed from the layer 17 by way of the holes 17a. The state at 
this stage is shown in Fig. 4A. 

The surface of the first dielectric layer 17 is planarized 
according to the necessity. 

Needless to say, the TFT 16 may be replaced with any other 
switching element, such as a diode* 

Subsequently, an organic resin layer (not shown) for the 
protrusions 18 is formed by a coating process on the first dielectric 
layer 17 and the exposed source electrodes 16d. The organic resin 
layer thus formed is then patterned by known optical exposure and 
development methods. Thus, frustum- shaped protrusions 18a are 
formed on the first dielectric layer 17 and the exposed source 
electrodes 16d. The state at this stage is shown in Fig. 4B. 

Thereafter, the frustum-shaped protrusions 18a, which are 

made of the remaining organic resin layer, are subjected to a 
sintering process at a specific high temperature. Through this 
process, the top corners of the protrusions 18a are rounded* As 
a result, the protrusions 18 are made approximately conical. The 
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state at this stage is shown in Fig. 4C 

An organic resin layer (not shown) serving as an interlayer 
dielectric layer is formed by a coating process to cover the 
protrusions 18 and then, the contact holes 21 are formed in the 
5 organic resin layer thus formed by known optical exposure and 
development methods. Thereafter, the organic resin layer is 
subjected to a sintering process at a specific high temperature, 
thereby forming the second dielectric layer 19. The state at this 
stage is shown in Fig. 4D. 

10 Thereafter, an aluminum (Al) film (not shown) is formed on 

the second dielectric layer 19 with the contact holes 21 and then, 
is patterned to form the reflector electrodes 20, as shown in Fig. 
1. The Al film may be replaced with any other conductive film. Each- 
of the electrodes 20 includes protrusions or unevenness according 

15 to the underlying protrusions 18. 

Subsequently, the lower and upper substrates 11 and 12 are 
coupled together at a specific distance and specific liquid crystal 
is injected into the space between the substrate 11 and 12, forming 
the LC layer 13. Thus, the configuration of Fig. 3 is obtained. 

20 In the above-described method r the protrusions 18 are 

formed by pattering the organic rQsin layer. However, the 

protrusions 18 may be formed by patterning two or more stacked 
organic resin layers. 

The plan shape of the protrusions 18 will change through 
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the exposure and development processes for the organic resin layer 
for the protrusions 18 and the sintering process therefor. Thus, 
even if the plan shape of the protrusions 18 is triangular, 
diamond-shaped, elliptic, or the like, the difference of the plan 
shape of the protrusions 18 will not cause any substantial change 
of the resultant protrusions or unevenness of the reflector 
electrodes 20- Moreover, even if the plan shape of the protrusions 
18 is rectangular, the change of the distance between the adjacent 
protrusions 18 will not cause any substantial change of the 
resultant protrusions or unevenness of the electrodes 20, 
regardless of the long sides of each rectangle being equal or not. 

Fig. 5A shows the state that the incident light L M emitted 
from the light source S is reflected by the roughened or bumpy 
surface la of the reflector 1 according to the embodiment of the 
invention, thereby forming reflected light Lref/ and that the 
reflected light L R13r thus formed is observed by the viewer P, The 
bumpy surface la of the reflector 1 is formed by the underlying 
protrusions 18 explained above ♦ 

The incident light L IN has an incident angle Tin defined as 
the angle between the incident light L rN and the normal N of the 

reflector 1. The reflected light W has a reflection angle T m 

defined as the angle between the reflected light Lre F and the normal 

of \lYi& reflector 1. Since the incident light is reflected Oy 

rM-><=k bumpy surface .1 sa ot= -tr-Vie reflector X , the incident ^ncji.c? -r it>1 -i ^ 



usually unequal to the reflection angle Tref* 

Fig. 5B schematically shows the enlarged state that the 
incident light Lin is reflected by the surface la of the reflector 
1 according to the embodiment of the invention. When the incident 
5 light L IN is reflected at the point A on the surface la, it is 
reflected by the tangent plane TP of the surface la. Thus, the 
reflected light Lre F is formed symmetrically with respect to the 
normal N' of the tangent plane TP at the point A. 
fa Here, the angle between the reference plane RP of the 

D 

p 10 reflector 1 and the tangent plane TP at the point A is defined as 

Hi 

■I" the ^inclination angle 0 at the point A". Then, the distribution 

^] of the reflection direction of the reflected light L RZF is dependent 

P« on the inclination angle 0. Therefore, it is important that the 

Hi viewer P evaluates subjectively the brightness of the reflector 

15 1 and that the inclination angle 0 is determined in such a way that 
the viewer P recognizes the reflection state as sufficiently bright 
one . 

Considering the state of actual use of the LCD device 10, 
it is thought that the situations as shown in Figs. 6A and 6B are 
20 dominant. In the situation of Fig. 6A, the incident angle T M is 
within the range from 0° to -60° while the reflection angle T^ T is 
within the range from -10° to 20°. In the situation of Fig. 6B, 
the incident angle T IN ' in the horizontal direction is within the 



™ :: 

ill 
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range from -20° to 20° while the reflection angle Tref' in the 
horizontal direction is within the range from -20° to 20°* 

If the percentage or proportion of the protrusions with 
elongated plan shapes extending in the horizontal direction from 
the viewpoint of the viewer P is increased, the reflector 1 can 
be designed to have a satisfactory directionality in such a way 
that the incident light L IN from the light source S is effectively 
turned to the reflected light L^f traveling toward the viewer P. 
As a result, the reflector 1 can be suitable to the situation of 
Figs. 6A and 6B- 

Next, a method of designing the protrusion pattern of the 
surface la of the reflector 1 is explained below. 

Fig. 7 shows an example of the protrusion pattern of the 
second dielectric layer 19 formed to cover the underlying 
protrusions 18 in the LCD device 10 of Fig. 3- Since the Al layer 
(i.e., the reflector electrode 20) formed on the layer 19 is very 
thin, the protrusion pattern of the reflector 1 according to the 
embodiment is substantially the same as that of the layer 19* 

In Fig. 7, the hatched area 51 denotes the protrusions of 
the surface of the second dielectric layer 19 while the non-hatched 
triangular areas 52 denote depressed areas thereof. The 
protrusions 51 , which are approximately linear, are connected to 
each other. Actually, the depressed areas 52 are arranged at a 
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specific level of disorder. 

In Fig. 7, the edges of the protrusions 51 constitute the 
sides of the triangular depressed areas 52. In other words, 
approximately linear protrusions 51 , which are unified together, 
constitute the triangular depressed areas 52. However, the 
invention is not limited this. It is sufficient for the invention 
that approximately linear protrusions 51 constitute closed 
geometric shapes (e.g., triangle, rectangle, square, circle, or 
ellipse) corresponding to depressed areas 52 ♦ 

Fig. 8 schematically shows the partial cross section of the 
second dielectric layer 19 and the protrusions 18 in the device 
10 between the points PI and P2 in Fig. 7. The protrusions 51 of 
the layer 19 are formed by the corresponding protrusions 18 of the 
device 10. The depressed areas 52 of the layer 19 are formed by 
the corresponding depressed areas between the adjoining protrusions 
18, 

In Fig* 8, the distance between the adjoining protrusions 
18 is defined as L, and the width and height of the protrusions 
18 are defined as W and D, respectively. The minimum height of the 
second dielectric layer 19 is defined as d. The height D and the 

minimum height d are measured with reference to the reference plane 

53. The plane 53 is determined as a plane in which the height of 
the layer 19 is minimum. The height difference of the layer 19 
between the maximum and minimum points is defined as AD* 



; 

a 



Although the reflector electrode 20 is formed on the second 
dielectric layer 19, it is omitted from Fig. 8. This is because 
the electrode 20, which is made of the Al film, is actually very 
thin . 

5 To subjectively evaluate the effect of the reflector 1, the 

inventors fabricated samples of the reflector 1 as shown in Figs. 
7 and 8 while changing the values of L, W, D, <a, and AD. Thereafter, 
they built the samples thus fabricated into the LCD device 10 of 
Fig. 3 and evaluated subjectively the brightness and interference 
10 thereof. The result of this subjective evaluation test is shown 
in Table 1 below, 

TABLE 1 
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As the result of the subjective evaluation test shown in 
Table 1, it is seen that satisfactory brightness is obtainable in 
5 the conditions specified in the following Tables 2 and 3. 



D 


W 


3 Mm 


5 ixm or less 


2\m. 


3 pin or less 


1 pm 


2 [xm or less 



r 5 * 

HI 

4* 
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From the above-described inventors' test, it was found that 
the relationship of 
15 0.5 < (D/W) £1*0 

is preferably satisfied. The shape of the protrusions 51 (18) is 
determined by the ratio of the height D of the protrusions 51 (18) 
to the width W thereof, i.e. , (D/W) , which determines the curvature 
of the protrusions 51 (18) ♦ Therefore, the distribution of the 
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values of the inclination angle 8 (see Fig. 5B) can be designed as 
desired. If the ratio (D/W) is greater than 1.0, the value of the 
angle 0 is likely to be too large. If the ratio (D/W) is less than 
0.5/ the value of the angle 9 is likely to be too small. 



is preferably satisfied. The shape of the bumpy surface of the 
second dielectric layer 19 is determined by the ratio of the minimum 
height d of the protrusions 18 the inter-center distance I* thereof, 

10 i.e., (d/I*) , which determines the curvature of the surface of the 
layer 19. Therefore, the distribution of the values of the 
inclination angle 0 can be designed as desired. If the ratio (d/I.) 
is greater than 1/5, the value of the angle 0 is likely to be too 
large. If the ratio (d/L) is less than 1/20, the value of the angle 

15 0 is likely to be too small. 

Furthermore, it was found that the relationship of 
(D/d) < 3 

is preferably satisfied. The shape of the bumpy surface of the 
second dielectric layer 19 is determined by the ratio of the minimum 
20 height d of the layer 19 to the height D thereof, i.e,, (D/d) , which 
determines the curvature of the surface of the layer 19. Therefore, 
the distribution of the values of the inclination angle 0 can be 
designed as desired. If the ratio (D/d) is greater than 3, the value 



5 



Moreover, it was found that the relationship of 



(1/20) < <d/L) < (1/5) 



-31- 



ui mli a iu.oo r/iA uo onto vim aiuuijliuuxiz,uhu ■» ium « mufliroun i{poo 



0! 

3 J* 



El 

i U 



of the angle 8 is likely to be too large . 

Fig* 9 shows the distribution of the inclination angle 9 
of the good reflectors 1 (the reflector electrodes 20) and the bad 
ones from the result of the above-described subjective evaluation 
5 test. As seen from the curve A for the good ones, 50% or greater 
of the measured values of the inclination angle 9 are within the 
range from 2° to 10°. On the other hand, as • seen from the curve 
B for the bad ones, 15% or greater of the measured values of the 
inclination angle 0 were 0°. 

10 When the bottom of the second dielectric layer 19 having 

the minimum height d. and/or the top of the layer 19 having the maximum 
height (d. ■+■ AD) is/are wide, it/they tend(s) to be partially flat- 
In this case, to decrease the total area (i.e. , size) whose measured 
value of the inclination angle 9 is 0° to 15% or less, it is necessary 

15 that the height distribution of the second dielectric layer 19 (i.e. , 
the bumpy surface la of the reflector 1) are not maximized at both 
the top and bottom of the layer 19. 

As explained above, if the distribution of the values of 
the inclination angle 9 is well controlled by adjusting the values 

20 of D, w, AD, d and L, desired directionality of the reflected light 
Lrbf toward the viewer P can be given to the LCD device 10, thereby 

improving r.Kft bticjhr.r.^*.^ in. the <di_ xroct ion toward the viewer I?. 

Next ' tH « c-taiiracj^ color tone du c% f. n c=e cv^-tr. 1 . 1 — F*-^ "C- »"» 



length difference is explained below. 

When collimated optical beams are irradiated to the bumpy 
surface la of the reflector 1 to generate bright spots arranged 
at a specific pitch, optical interference will occur, if specific 
difference exists in the optical path lengths of the adjoining beams 
of the reflected light Lre F . 

Here, the "bright spots" means the positions on the surface 
la of the reflector 1 the viewer P recognizes bright due to 
reflection of the beams of the incident light L IN at the surface 
la. In one case, optical interference occurs between the 
triangular depressed area 52 and the adjoining protruding part 51. 
In another case, optical interference occurs between the adjoining 
triangular depressed areas 52 or between the adjoining protruding 
parts 51. 

Typically, the pitch m of the depressed area 52 and the 
adjoining protruding part 51 is approximately 3 nm, the pitch of 
the adjoining protruding parts 51 is approximately 10 ^m, and the 
height difference it between the depressed area 52 and the adjoining 
part 51 is approximately 0,5 unw Therefore, here, it is supposed 
that the pitch m is much greater than the height difference b, i.e., 
m » h, and thus, the height difference ft is ignored for 
simplification in the following explanation for simplification. 

Fig. 10 schematically shows the optical paths of the beams 
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of the incident light Li N and the beams of the reflected light L RE rr 
where the inclination angle 0 at the points A and C is equal and 
the reflected beams Lref are in the same direction as the incident 
beams L IN . 

The difference AI* between the optical path lengths passing 
through the points A and C is expressed as follows using the 
reference characters shown in Fig. 10. 

= CD - AB = m (sin Tin - sin Tref) 

Here, the wavelength of the incident beams Li N is defined 
as X,- Then, the phase difference 5 of the adjoining reflected beams 
L,ref that cause optical interference satisfies the following 
equation, where n is a natural number. 

8 = n (2n/X) »AL = n (2ii/\) •m (sin T REF - sin Ti N ) 
As a result, the intensity I of the resultant, overall 
reflected light Lre F to be observed by the viewer P is given by the 
following equation, where I 0 is the amplitude of the non-alternating 
component and I± is the amplitude of the alternating component. 
I = Iq + Xi Cos 6 

As a result, the intensity I of the resultant reflected 
light varies dependent on the wavelength X of the incident beams 
Li N . This means that the viewer P recognizes the light of a 
wavelength strongly and the light of another wavelength weakly. 

In other words, the images the viewer P recognises om the screen 




of the device 10 includes conspicuous change of color tone* 

According to the result of the above-described subjective 
evaluation test shown in Table 1, satisfactory brightness was 
obtainable under the following condition. . 

5 

Table 4 



AD 
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1 Mm 


2 um 


20 um or less 


1 urn 


1 um 


14 um or less 


1 Mm 


0 . 5 um 


7 um or less 



It was found that the relationship of 
(d/L) > (1/15) 
10 is preferably satisfied. 

If the incident light Lin with the wavelength X of 550 nrn 
enters the surface la of the reflector 1 at the incident angle Tin 
of 30*, the emission or reflection angle Tref of the reflected light 
Lref that induces constructive interference is given as shown in 
15 Table 5, where the pitch m is used as a parameter. 



Table 5 



m 


3 jim 


5 um 


10 um 


20 um 


Emission 
Angle of 
First Peak 


36.2° 


33.7° 


31.8° 


30.9° 



Actually, the first peak was found at the emission or 
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reflection angle Tref of approximately 3 6°. Therefore, the 
effective value of the pitch m that induces no optical interference 
was greater than approximately 3 fxm (i.e., m > 3 um) . Since the 
pitch of the protruding parts 51 and that of the depressed areas 
5 52 are approximately 10 um, it was considered that optical 
interference; is caused by the adjoining protruding part and the 
depressed area, and that the effect by the adjoining protruding 
parts 51 and the adjoining depressed areas 52 is ignorable . 
r= Fig* 11 shows a method of measuring the optical 

10 characteristics of the reflector 1 according to the embodiment of 

ft | 

the invention, which was carried by the inventors. 

Ul 

» In this measuring method, white light was irradiated to a 

y s 

s 

r* sample 1 or 2 of the reflector 1 at the incident angle of 30° and 

pi! then, reflected light by the sample 1 or 2 at the emission or 

m 

Cl 15 reflection angle of 0° to 60° was measured with a spectrophotometer 

IMUC (which was manufactured by Otsuka electronic Ltd. and the model 
name was LCD7000) . Thus, the wavelength-brightness characteristic 
was obtained at each emission angle. The characteristic thus 
obtained was converted to the Y value indicating the brightness 
20 and the chromaticity coordinates (x, y) on the x,y chromaticity 
diagram. 

The samples 1 and 2 were fabricated according to the 
conditions shown in Tables 6 and 7 below. 
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Table 6 





Interference 


Depressed 
Areas 


Resin 
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Sample 1 


No 


Triangular 
W=5, L = 24 
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2.7 |xm 
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Sample 2 
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0,5 jam 



5 Table 7 



Reflector 


Emission Angle 


Incident Slit 
to IMUC 


ND Filter 


White Reference 
Reflector 


0° 


0.2 


None 


Sample 1 


0° - 60° 


0.2 


ND = 3% 


Sample 2 


0° - 60° 


0.2 


ND = 3% 



Figs. 12A and 12C show the emission (reflection) angle 
dependence of the Y value (i.e., brightness) and the chromaticity 
coordinates (x, y) of the samples 1 and 2, respectively. Figs. 12B 

10 and 12D show the chromaticity coordinates (x, y) of the samples 
1 and 2 plotted on the x,y chromaticity diagram, respectively. 

As seen from Figs. 12A to 12D, the sample 1 did not cause 
any interference while the sample 2 caused interference. It is 
difficult to recognize the level of strength of optical interference 

15 of the samples 1 and 2 from the variation of the Y value shown in 
Figs. 12A and 12C. However, it is clearly recognized from the 
variation of the chromaticity coordinates (x, y) shown in Figs. 
12B and 12D as follows: 
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Specif ically, the variation of (x, y) of the sample 1 is 
limited within the range where 5x is less than approximately 0.05 
and 8y is less than approximately 0*05 (i.e., 5x < approximately 
0.05, 5y < approximately 0.05) . On the other hand, the variation 
5 of (x, y) of the sample 2 is limited within the range where Sx is 
increased to approximately 0.1 and 5y is increased to approximately 
0.1 (i.e., 5x < approximately 0.1, 5y < approximately 0.1). 
Therefore, it is seen that the level of strength of optical 

U 

p interference of the sample 2 is higher than that of the sample 1- 

B| 10 With the sample 1, if the emission angle is changed, an 

sis 

Ui approximately elliptic track was drawn within a circle with a radius 

Hi . 

Eh of approximately 0.025 while setting the center of the circle at 

Cl the coordinates of white, (0.31, 0.31), as shown in Fig. 12B. On 

RE 'A 
R :: 

[« the other hand, with the sample 2, if the emission angle is changed, 

*** 15 an approximately elliptic track was drawn within a larger circle 

with a radius of approximately 0*05 than the sample 1 while setting 
the center of the circle at the same coordinates of white, as shown 
in Fig. 12D. As a result, to quantitatively measure the level of 
optical interference, it is necessary to measure not only the Y 
20 value but also the chromaticity coordinates (x, y) . 

Moreover, to recognize the permissible level of optical 
interference, it is necessary to draw a circle with a radius of 
0.05 on the x, y chromaticity diagram while setting the center of 




the circle at the coordinates of white (0-31 r 0.31), as shown in 
Fig. 13. In Fig- 13, R, G, and B denote the coordinates of red (R) , 
green (G) , and blue (B) colors, respectively. 

Although the x and y coordinates of white is (0.31, 0.31) 
5 {i.e., x = y= 0*31) in this embodiment, it is not limited to this 
in the invention* The x and y coordinates of white may be (0.29 
- 0.33, 0.29 - 0.33) , in other words, each of the x and y coordinates 
may be changed within the range of 0.29 to 0. 33, according to the 
color temperature. 

p* 
Pi 

~* 10 Figs. 14A and 14B show the protruding bright region 61 and 

be I 

*?* the depressed bright region 62 of the same elemental shape (or, 

yi the protruding part 51 and the adjoining depressed area 52 in Fig. 

01 

s 7) of the reflector 1 of the embodiment,, where these two bright 

fy regions 61 and 62 have approximately equal values of the inclination 

ul 15 angle 0. 

1*3 Since the protruding bright region 61 and the depressed 

bright region 62 have approximately the same inclination angles, 
optical interference will occur according to the model of Fig. 10. 
The regions 61 and 62 have specific scope wider than a spot and 
20 thus, the phase difference of the overall reflected light is formed 
by superposition o£ the reflected light beams at all the protruding 
and depressed bright regions 61 and 62 of the reflector 1. 

Here, the minimum and maximum distances between the 
protruding bright region 61 and the adjoining depressed bright 
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region 62 are defined as L^ia and Lmax/ respectively. The mean 
distance between the regions 61 and 62 is defined as Lnean = (I*oin 
+ I*»*x)/2. In this case, the dispersion of the regions 61 and 62 
is given as (1*^ + 1*^) /Iw aT1 , It is preferred that the dispersion 
of the bright regions 61 and 62 , i . e . , [ (Laa* + Im±a) /Lmean] / is designed 
to cancel the dispersion of the wavelength. 

If the minimum distance d of the second dielectric layer 
19 and the inter-center distance I* of the protruding parts 51 satisfy 
the relationship of (d/l*) > (1/15) , the curvature of the bumpy 
surface la of the reflector 1 can be determined well. This means 
that the inclination angles of the regions 61 and 62 can be designed 
as desired. If (d/L) is equal to or less than (1/15), the 
inclination angle is likely to be too large and the curvature be 
too small, resulting in the dispersion of the bright regions 61 
and 62 being too small. Thus, it is preferred that the relationship 
of (d/L) > (1/15) is satisfied. 

The inventors measured the surface roughness of the 
reflector 1 having the roughening pattern of in Fig. 7 along the 
line connecting the points Pi and P2 (i.e., the line P1P2) . The 
result of this measurement is shown in Figs. 15A and 15B. Fig. 15A 

shows the height change of the surface la as a function of the 
distance along the line P1P2. Fig. 15B shows the inclination angle 
change of the surface la as a function of the distance along the 

line P1P2. 



In Fig. 15A, the bold lines Al, A2, Bl, and B2 on the curve 
denote the areas having the inclination angle from 2° to 6°. The 
bold lines Al and A2 correspond to the bright regions 61 and 62 
near the corner of the triangular depressed area 52 in Fig. 7, 
respectively- The bold lines Bl and B2 correspond to the bright 
regions 61 and 62 near the base of the triangular area 52 in Fig. 
7, respectively* 

With the bright regions 61 and 62 corresponding to the lines 
Al and A2 near the corner of the area 52 , L»*x - 10 |um and i«m±p = 3.5 
|im. Therefore,, the dispersion (AL/L) of the bright regions 61 and 
62 is given by the following equation. 

(AL/L) = (Ljna* " Xnni*)/!**^ = (10 - 3.5)76.5 - l.o 

On the other hand, the dispersion (AX/X) of the wavelength 
X of the reflected light Lref is given by the following equation. 
(AX/X) = (X« - Kmr,) /X = (550 - 450) /500 - 0.2 

This value of wavelength dispersion of 0-.2 can be 
effectively canceled by the value of the dispersion of the bright 
regions 61 and 62 of 1.0. 

With the bright regions 61 and 62 corresponding to the lines 
Bl and B2 near the base of the area 52, = 4 pra and 1^ - 3 pn. 

Therefore, the dispersion (AL/L) of the bright regions 61 and 62 
is given by the following equation. 

(AL/L) = (Lmax - I^)/L»*ai> = (4 - 3)/3.5 m 0.3 



Thus, the value of wavelength dispersion of 0.2 is not 
effectively canceled by the value of the dispersion of the bright 
regions 61. and 62 of approximately 0-3. 

Accordingly, with the reflector 1 having the roughening 
pattern of Fig* 7 where the triangular depressed areas 52 are 
regularly arranged, optical interference can be suppressed near 
the corner of each area 52. Thus, the overall change of color tone 
of the reflector 1 due to optical interference can be decreased. 

Although the reflector 1 of the above-described embodiment, 
the roughening pattern comprises triangular depressed areas 52, 
each area 52 may have any closed geometric shape other than triangle, 
e.g., rectangle or ellipse F as shown in Figs* 16 and 17. . 

As explained above, with the above-described reflector 1 
of the embodiment of the invention , the inclination angle of the 
protruding bright regions 61 and the depressed bright regions 62 
are controlled 

With the reflector 1 for the reflection-type LCD device 10 
according to the embodiment of the invention, the roughened surface 
la of the reflector 1 has the protrusion pattern that gives 
inclination angle to the surface la according to the specific 

distribution. The distribution is determined in such a way that 

the first component with an inclination angle value 9 of 0° is 15% 
or less in area and the second component with an inclination angle 
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value 0 from 2° to 10° is 50% or greater in area. Thus, the proportion 
of the reflected light Lr^f traveling in a specific direction is 
increased. This means that the amount of the component of the 
reflected light L FEF that travels toward the viewer is increased, 
5 Accordingly, the incident light Lx a is efficiently reflected by the 
roughened surface la of the reflector 1 of the embodiment to the 
viewer's side. 

Also, the distribution of the incident angle values can be 
easily designed in such a way that the amount of the component of 

p 10 the reflected light that travels toward a viewer is increased, 

OS! 

!* The visibility is improved over the whole surface of the 

LJ! reflector. 

m 

s Moreover, since the specific distribution of the 

CI 

111 inclination angle values of. the roughened surface la has an average 



15 value within a range from 2° to 6°, there is an additional advantage 
that the reflector can be fitted to a typical arrangement of light 
source in a circumstance or situation where the reflector is used, 
thereby optimizing the reflection efficiency. 

If the roughened surface la of the reflector 1 has the 

20 protrusion pattern that gives a variation range of chromaticity 
coordinates (x:, y) on the chromaticity diagram dependent on the 
angle of view, and the variation range is limited in the circle 
on the chromaticity diagram, where the circle has a radius of 
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approximately 0.05 and a center at a point corresponding to white, 
color, optical interference can be suppressed effectively. This 
means that the variation of color tone due to optical interference 
can be suppressed- Moreover, the optical characteristics of the 
5 reflector 1 can be easily known with a measuring apparatus, not 
with labor, by way of measuring the variation of chromaticity 
coordinates (x, y) on the chromaticity diagram. 

Figs. 16 and 17 show variations of the protrusion pattern 
of the second dielectric layer 19 formed to cover the underlying 

10 protrusions 18 in the LCD device 10 of Fig. 3. In the 
above-described embodiment, the depressed areas 52 are triangular. 
Unlike this, the depressed areas 52 are rectangular in the variation 
of Fig* 16 while the depressed areas 52 are elliptic in the variation 
of Fig. 17. In these variations, the same advantage as those in 

15 the above-embodiment is obtainable . 

VARIATIONS 

Needless to say, the present invention is not limited to 
the above-described embodiment. Any change or modification may be 
added to the embodiment within the spirit of the invention- For 
20 example, although the reflector 1 comprises the protrusions 18, 

the second dielectric layer 19, and the reflector electrode 20 in 

the LCD device of the above embodiment, it may have any other 
structure than this. 

While the preferred forms of the present invention have been 
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described, it is to be understood that modifications will be 
apparent to those skilled in the art without departing from the 
spirit of the invention. The scope of the present invention, 
therefore, is to be determined solely by the following claims- 



